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NASA TT F-9897 

A System of Charac te r i s t ics  and 

Parameters i s  Proposed for Evaluating 

the  Elements o f  Automation. 

PART I. BASIC CHARACTERISTICS AND PARAMETERS OF ELEMENTS ASSOCIATED 

W I T H  AN ANALOG CONVERTER 

Section 1. S t a t i c  Parameters and Charac te r i s t ics  

Sensors, amplif iers  and other  components which e s t a b l i s h  a continuous b* 
funct ional  assoc ia t ion  of two c i r c u i t s  ( input  and output)  are  determined by the  

following s e r i e s  of re la t ionships  and parameters. 

1. The most important one of these re la t ionships  i s  the cont ro l  charac- 

t e r i s t i c  y = f(x), which e s t ab l i shes  the  va r i a t ion  of the  output parameter y as 

a funct ion of the  input parameter x ( f i g .  1). When hys te res i s  i s  present  i n  the  

mechanical or magnetic p a r t  o f  the  sensor, t he  forward and re turn  branches do 

not coincide.  

2 .  The control  cha rac t e r i s t i c  i s  l imi t ed  by the  lower and upper l i m i t s  of 

parameters. Each of these and ',ax the  input  %in and %ax and output ymin 

parameters i s  associated with a de f in i t e  input power P, min and Px max and 

output power Py min and P y max 

3. I n  addi t ion t o  t h e  upper l imi t ing  value xmX, which i s  determined by 

the  extreme operating poin t  on the  control cha rac t e r i s t i c ,  there  i s  a quant i ty  

X which i s  t h e  maximum permissible value from the  standpoint of the  max l i m '  

*Numbers given i n  the  margin indicate  t h e  pagination i n  the  o r ig ina l  foreign 

t e x t .  
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thermal, mechanical or e l e c t r i c a l  strength of the  sensor input parameter x.  

(or t he  corresponding value of power P ) i s  some- x max l i m  The quant i ty  x 

times re fer red  t o  a s  t he  overload capacity of the sensor.  

max l i m  

When x a c t s  f o r  a period o f  t i m e  Tlim (or t he  equivalent,  energy max l i m  

A, = P T the sensor m u s t  not change i t s  g rope r t i e s  and charac- 

t e r i s t ics .  

I iu x max i i m  l i m '  

I C .  The r a t i o  y/x = S i s  c a l l e d  the s e n s i t i v i t y  ( " t o t a l  s e n s i t i v i t y " ) .  

More frequent ly  the  value AY/Ax = S '  is  used, which i s  the  d i f f e r e n t i a l  (or 

- /4 

l o c a l )  s e n s i t i v i t y .  

l i n e a r  cha rac t e r i s t i c s .  

and s f  = f f g ( x ) .  

S and S '  a re  constant only when the  components have i d e a l  

If the  cha rac t e r i s t i c s  are nonlinear, then S = f a (x )  

5 .  We can d i f f e r e n t i a t e  between components without va r i a t ions  i n  the  

tuning (%ax-%in) = const and (ymax-ymin) = const and %ax = const and e l e -  

ments with var iable  tuning. Components with var iab le  tuning may be achieved 

i n  the  following manner 

( a )  by varying the  values of %ax when (xmax-x ) = const and (ymax-yolin) min 

= const; 

Figure 1. Variation i n  value of output parameter 

as funct ion of input parameter. 
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) a re  shown by means 
( Xmax- "mi n ) 7 ( Ymax-Ymin 

The possible  values of xmax, 

of a t a b l e  of control  cha rac t e r i s t i c .  

6 .  In a s e r i e s  of cases components with continuous transformation a re  used 

which have severa l  inputs  (for example, two o r  t h ree )  and consequently several  

' I  y2J y3 - -  iEnii+ r-.. --c3-"-". a i r m a 1  c 12 this ~ s a c ~  i--e ccr , t rc l  CharsaCte r i s t i c  y - f (XI, 

i s  constructed as  a funct ion of one of the  input  s igna ls ,  while t he  values of 

the  o ther  s igna ls  are used as variable parameters when the curves a re  constructed 

( f i g .  2 ) .  

7. In  the  general  case the  var ia t ion  of output parameter y ( f o r  example, 

cur ren t  or gas or l i q u i d  consumption) i s  determined as 

where 

K =  
X 

v i s  a quant i ty  which i n  a given energy scheme i s  the  source 

f o r  the  o r ig in  of quant i ty  y; 

Rx i s  the  quant i ty  which depends on the  physical or s t r u c t u r a l  

f a c t o r s  and which may be determined as the  "resistance"; 

i s  a quant i ty  which can be ca l l ed  the  "specif ic  admittance." 
X 

I n  ac tua l  elements t he  parameter x causes a va r i a t ion  i n  R (or K ), i . e . ,  
X X 

Rx =f(xior & = E ( X ) ,  

t h i s  l eads  t o  a r e l a t ionsh ip  y = K . &j2 and t o  a cont ro l  c h a r a c t e r i s t i c  
X 

Therefore i n  many cases it is expedient t o  represent  the elements given by 

Rx = F( x) or K = Fl( x) ,  by the  corresponding r e l a t ionsh ip  y = f (  x) when v = 1. 
X 

When t h e  load i s  connected i n  ser ies  and has a res i s tance  R we have 
L 

v = v  + v  O L  

3 



Figure 2. Functional cha rac t e r i s t i c .  

+ ycY/K: = CRL + l/K$I 
Or 0 = RL 
and consequently 

E xamp les 

A s  an example w e  consider the  control  valve i n  the flow of a working 

l i q u i d .  I n  t h i s  case the  output parameter i s  y = Q 

where AP i s  the  pressure difference;  

Q i s  the  l i q u i d  consumption, rn3/crn2 sec; 

p i s  the  spec i f i c  weight of the operating l iqu id ,  tons/m3; 

g i s  the  acce lera t ion  due t o  gravi ty;  

C X  i s  the  hydraulic res i s tance  f a c t o r  which i s  a function of the input 

parameter x, and also of  the physical p roper t ies  of the  l i q u i d  and 

t h e  design of t he  valve. 

4 



I . 

X 
f e,,. 

Figure 3. Variation Kx = f (  x) . 

I n  the  case of the  valve, the input parameter i s  t h e  displacement of the 

valve rod x = H .  Figure 3 shows t h e  f'unction 

The following funct ions a r e  most commonly used 

( a>  K,=K,,.e 

(b)  KL=Kxo+ hz (3) - l i n e a r  cha rac t e r i s t i c .  

The value H = 0 corresponds t o  Kx min and ymin, while the  value H = HIOO 

' - logarithmic cha rac t e r i s t i c s ;  

corresponds t o  the  values K and y . x max max 

I n  the  case of the  valve the  relat ionships  Kx = F (Hx/Hloo); HlO0; K x min 

and Kx m x  are usual ly  assigned ( t o  determine ymin and ymax); Kx max/Kx min. 

8 .  The operation of the  sensors i s  frequent ly  associated with a continuous 

removal of energy from the input c i r c u i t .  I n  t h i s  case it i s  necessary t o  /7 
know t h e  input impedance, which may be determined i n  terms of t he  apparent con- 

sumed power N K as 

e t c .  
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To achieve a cor rec t  se lec t ion  of t h e  parameters of the  cont ro l  (output)  

c i r c u i t ,  it i s  a l so  necessary t o  know t he  output impedance of t h e  sensor Z ou t  - 
9.  Under ac tua l  conditions i n  addition t o  the  e f f e c t  of t he  parameter x, 

the  sensor i s  a l s o  subject  t o  various ex terna l  f ac to r s :  t he  temperature e o ,  
--*--,--e pLruuuLr = y -LA- h - - m i a i  A L U ' Y I U I Y J  +-r Y, 74 cf t k e  E"Tcljy?fiir_g ZefifijE, ZeCh3.nrC3.1 a C C F 1 P r a t . j n n  

a and v ibra t ion  %. It i s  also possible t o  have a va r i a t ion  i n  the  pos i t ion  of 

the  element i n  space, i .e . ,  of t he  angle Cy. Thus we have t h e  following expres- 

s ion for the va r i a t ion  i n  the  output parameter 

or 

d U  I 

If w e  designate,  respect ively,  by Se,  S ..., S, the  p a r t i a l  s e n s i t i v i t i e s  
P' 

dy/de0; dy/dp; ... dy/dx*, and l e t  dy/dx = Sx and i f  w e  subs t i t u t e  these  values 

int .0 (1) we O b t a i n  

o r  

*In t h e  general  case t h e  p a r t i a l  s e n s i t i v i t i e s  a re  functions of a l l  t he  a c t -  

ing q u a n t i t i e s :  S@ = fi ( e o ,  p, . . .a); s = f' (p, e o ,  ...CY), e t c .  
P P  
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Sp, ... Sa,  the  smaller i s  /8 - The smaller the  p a r t i a l  s e n s i t i v i t i e s  Se, 

the  e f f e c t  of ex terna l  f ac to r s .  

Sometimes, i n  addi t ion  t o  the re la t ionship  between t h e  cont ro l  quant i ty  y 

and the  input sensor parameter x, i .e., y = f (x.. . ), we have the  inverse r e l a -  

+:nn?.-h:- -. - .* f - . )  
V - L V L I U U l p  n - y \ y  , . 

Then 

and 

Assuming t h a t  dcp/dy = Sy, w e  have 

The values of t he  p a r t i a l  s e n s i t i v i t i e s  are usua l ly  not constant,  but 

depend on the  value of the  actuat ing quantity,  i . e . ,  Se = fl ( e ' ) ;  Sp = f 2  (p ) ;  

. . . Sd. = f K  ( C Y ) .  These re la t ionships  are usua l ly  presented i n  graphical form. 

10. It i s  important t o  know the magnitude of two l imi t ing  values f o r  

0 
t he  quan t i t i e s  0 , p, Z$, . . . CY: i n  one case, when the  accuracy of the  sensor 

does not  exceed the  assigned l i m i t s  eo ... CY , and i n  another 
l i m l '  p l i m l ?  l i m l  

case, when the  sensor i s  not  destroyed or when the  res idua l  cha rac t e r i s t i c s  

a r e  r e t a ined :  eyim2, blim . . . CY 2 1 i m 2  ' 

To eliminate the  e f f e c t  of external  fac tors ,  two i d e n t i c a l  sensors are 

f requent ly  used i n  a compensating ( d i f f e r e n t i a l )  scheme. I n  t h i s  case the 

bas i c  con t ro l  ( i npu t )  parameter is  fed t o  only one of them. I n  t h i s  case 

7 



... S = S we obtain hy Sx Ax. N N 

al U2' 
or, when Se - 

11. 
1 

%e sensitivit.>r nf a. sensor o r  of another component var ies  with i t s  

- 19 operating t i m e  ( T ) ,  i . e . ,  Sx = $ ( T ) .  I n  the  general  case 

For S = $ ( T )  the  following expressions are frequently qui te  accurate 
X 

The value of K becomes high when the  values of the following r e l a t i v e  T 
loads f o r  individual p a r t s  of the sensor are high: 

pm/omaX (where p 

0 

the  mechanical loads 
S i s  the mechanical p r e p r e  i n  d i f f e r e n t  p a r t s  of the sensor; m 

are the maximum permissible mechanical s t r e s s e s ) ,  thermal loads 

max lid 

12. Volume V and the  weight Q of a sensor are  d s o  important fac tors .  

max 

magnetic loads B/D max and e l e c t r i c  loads E/E max. e o / e o  

It. i s  m o s t .  convenient t o  compare various sensors by using the r a t i o s  V/yT 
Y 

and Q/y o r  the inverse quant i t ies  y the  equivalent r a t i o s  L 

PyL/Vand PyL/Q, where y i s  the  nominal value of t h e  output quantity.  n 

Sect ion 2. Dynamic Propert ies  and Character is t ics  

1. The re la t ionship  between the instantaneous values y and x during the 

t r a n s i e n t  process can usual ly  be given i n  the  form of a d i f f e r e n t i a l  equation 

8 



where m < n, o r  i n  operat ional  form 

or 

This re la t ionship  i s  known as the  t r ans i en t  function of the  element. 

Figure 4 shows the  var ia t ion  (time cha rac t e r i s t i c )  i n  the output s igna l  - /10 

quant i ty  (y )  during the  stepwise var ia t ion  of the  input quant i ty  ( input  s igna l )  

(x = I). 

The following quan t i t i e s  a re  s ign i f icant  i n  evaluat ing the  dynamic proper- 

t i e s  of the element: 

T, and the  t o t a l  t ransient ,Tt .  

t he  delay t i m e  ("dead time") To ( f i g .  4), the  r ise time 
tnrp, 

The t o t a l  t r a n s i e n t  t i m e  Tt i s  the  i n t e r v a l  
I 

4 A K  
rr)LUE 

rim- 
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of t i m e  from the  s t a r t  of the  t r ans i en t  process t o  the  achievement of a steady 

state value for the  output quant i ty  (output s i g n a l ) .  

s t a t e  value of  t he  output s igna l  i s  determined by the  e r r o r  of the  element. 

The accuracy of the  steady 

By taking i n t o  account t he  delay time, the t i m e  c h a r a c t e r i s t i c  can be 

represented i n  t i e  form 

If the sensor i s  under a continuous act ion of parameter x given by x = X . s i n  ut 

o r  x = 

preceding expressions, we obtain 

m 

-ejwt, then y = and by subs t i t u t ing  values x and y i n t o  the  m 

This re la t ionship  i s  known a s  the amplitude-phase c h a r a c t e r i s t i c  ( f i g .  5 ) .  

Instead of t h i s  c h a r a c t e r i s t i c  t he  amplitude-frequency and the  phase-frequency 

c h a r a c t e r i s t i c s  are frequent ly  used. They are  obtained from the  amplitude- 

phase c h a r a c t e r i s t i c ,  i f  t h e  denominator i s  represented i n  the form 

r v  f .. . I O  , ,-+ / . . \ I " - ' +  A N  - n /  t ;n,. . , 
yo($w/ ' ' ' r ( j " J  - " - / ' p / + d u [  w/ 

Then the  amplitude-frequency cha rac t e r i s t i c  w i l l  be given by the  

expression 

and t h e  phase-frequency cha rac t e r i s t i c  w i l l  be given by the  expression 

10 



t-j I 
Figure 5 .  Amplitude- 

phase c h a r a c t e r i s t i c s .  

Let us assume f o r  example t h a t  W = wo = 0, then 

Figure 6. 

and t h e  ratio of W ( i d  t o  Wb) i s  given by W(w)/&) 

If, following t h e  conventional pract ice ,  we construct  the  function w(wj 

= 

t o  a logarithmic sca le ,  we obtain the so-called logarithmic amplitude-frequency 

c h a r a c t e r i s t i c  ( f i g .  6) . 
2 .  I n  addi t ion t o  elements which give a l i n e a r  re la t ionship  ( f i g .  /14 - 

7a), frequent use i s  made of elements which give an i n t e g r a l  and a d i f f e r e n t i a l  

r e l a t ionsh ip  between the  output and input quan t i t i e s .  

For elements with an i n t e g r a l  re la t ionship ( f i g .  7 b )  we have 

11 



and f o r  elements with a d i f f e r e n t i a l  re la t ionship  ( f i g .  7c)  we have 

I n  complex elements, used as regulators ,  combined re la t ionships  are usual ly  

used which are achieved by 

( a )  PI elements 

I n  symbolic form, by neglecting the  numbers with higher frequencies,  t h i s  can 

be represented as 

where Bo i s  the  r a t i o  of t h e  amplification f ac to r  i n  the l i n e a r  c i r c u i t  t o  the 

s t a t i c  amplif icat ion fac tor ;  

TI i s  the  time constant of t h e  in tegra t ing  network ( f i g .  8) .  

( b )  PD elements 

o r  i n  symbolic form, by neglecting terms with higher frequencies, 

where KD i s  the  amplification of the der iva t ive ;  

T i s  the  time constant of the d i f f e r e n t i a l  network ( f i g .  9 ) .  D 

12 



( c )  PID elements 

Figure 7 

where 

or i n  symbolic form, by neglecting terms with higher frequencies, 

K i s  t h e  amplif icat ion of the  der iva t ive ;  

b i s  the  r a t i o  of the amplification f a c t o r  i n  t h e  l i n e a r  c i r c u i t  t o  
D 

0 

t he  s t a t i c  amplification factor ;  



K 

T i s  the time constant i n  t h e  d i f f e ren t i a t ing  network; 

T 

3. 

D 

I i s  the  t i m e  constant i n  t h e  in tegra t ing  network ( f i g .  10). 

Table 2 shows the  dynamic cha rac t e r i s t i c s  for the  bas ic  types of 

elements . 
4. A d i s t i n c t i o n  i s  made between the  elements with nonadjustable dynamic 

c h a r a c t e r i s t i c s  and elements with adjustable cha rac t e r i s t i c s .  I n  t he  l a t t e r  

one or severa l  parameters may vary 

a>  b, TD, I, p *  

5 .  We should bear i n  mind t h a t  t h i s  examination of t he  frequency char- 

a c t e r i s t i c s  may be applied not only with respec t  t o  t h e  input parameter x, 

but a l s o  with respect  t o  any of the  quant i t ies  ac t ing  on the  sensor ( e o ,  
z$, . .. CY). 

14 



Figure 9 

Figure 10 
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Section 3. Error k 7 -  - 
The funct ional  cha rac t e r i s t i c s  are not sustained accura te ly  due t o  the 

presence of various forms of s t a t i c  and dynamic e r ro r s .  

( random) e r r o r s  . 
A. The determined e r r o r s  of the elements i n  automatic control  equipment 

include the  following 

1. Methodical e r r o r s  

1.1. The methodical e r r o r s  are caused by the  use of an approximate func- 

t i o n a l  re la t ionship  y = f ( x )  i n  place of t he  necessary func t iona l  r e l a t ionsh ip  

Y = f o ( x ) .  

The values of  the  methodical error Aym are  determined as 

1 .2 .  Themethodical e r r o r  can be subdivided i n t o  t h e  bas ic  e r r o r  de te r -  

mined when the  ex terna l  factors (8" Zo$, aq) are  constant (assigned, llnormaL") 

and. 8. complement,sry error pmd11ced by t he  va r i a t ion  of ex te rna l  f ac to r s  

( e 0 ,  z$, a, .. . ) .  

0' 

a- 'lTstmMiaQ h r s  
2.1. When the  ex te rna l  conditions are unchanged, the r e l a t i o n  between 

t h e  output and input quant i ty ,  taking i n t o  account hys te res i s ,  may be repre- 

sented i n  the  form 

16 



Taking i n t o  account the  spread i n  the values of each t e r m  and assuming t h a t  

the  spread i n  t h e  values follows, for example, the normal l a w  

w e  f i n d  fhet 

Usually a l i n e a  re la t ionship  between the  output and input parameters 

i s  required 

) = $  . X .  

Assuming t h a t  S = S + n d  

placement a t  the  i n i t i a l  point of the c h a r a c t e r i s t i c ,  we have 

and taking i n t o  account the p o s s i b i l i t y  of the  d i s -  
3’ 

+ -x,)=$/;.-..,]+ N[x-x,) ,  

I n  addition, we should take i n t o  account the var ia t ion  i n  the value of 
- 
S as a function of t i m e ,  i . e . ,  we must assume t h a t  

and we  obtain 



o r  

The instrumental  e r r o r  i s  determined as  

- -  

~ ‘ = ~ ~ + ( ~ - x . l ; ~ b *  ’ 
By determining , we obtain the  maximum ins t r imenta l  e r r o r  

The individual  components of the determined e r r o r  may be establ ished i n  

the  following manner. 

2.1.1. The e r r o r  due t o  hys te res i s  and dry f r i c t i o n  can be determined as 

t h e  maximum difference f o r  the  average of a s e r i e s  of measurements of  the  output 

s igna l  when the  input s igna l  remains constant,  while there  i s  an increase and 

a decrease i n  t h e  output s igna l ,  i . e . ,  

or 47ti$5~’4z~mQx, where Axh i s  the  width of the  hys t e re s i s  loop. 

The r e l a t i v e  e r r o r  due t o  hys te res i s  i s  determined as  /20 

18 



2.1.2. The e r r o r  due t o  nonlinearity f o r  elements with a l i n e a r  charac- 

t e r i s t i c  are  determined as the  maximum deviat ions of the t rue  curve y = f ( T )  

from the  s t r a i g h t  l i n e ,  i . e . ,  

A !I 

’Be r e l a t i v e  e r r o r  due t o  nonl inear i ty  i s  equal to&=X&. 
2.1.3. The dead zone i s  the  minimum value of the  input s ignal  which pro- 

duces an output s igna l .  

2.1.4. D r i f t  i s  usual ly  determined a s  the  maximum deviat ion of t he  output 

parameter when the  value of the output parameter i s  x = 0 during an assigned 

intervalAt  = to = 1 hr,  to = 8 hr ,  to = 24 hr, e t c .  A j 3 = / Z x 0 - - f  
I 

(6- 

2.1.3. The var ia t ion  i s  equal t o  t he  m a x i m u m  value of ha l f  t he  d i f fe rence  

between the  maximum and minimum values of the  output s ignal ,  obtained by a 

series of measurements of the  same value of t he  input s igna l  (x = const)  as  it 

rises t o  a maximum value and decreases t o  a minimum value when ex terna l  f ac to r s  

a re  constant .  

The value of t he  input s igna l  x = const i s  taken f o r  a s e r i e s  of values 

sin and x = x x = x l , x = x ,  .. . between x = 

1, x = x t he  input  s igna l  x = x 

these  i s  the var ia t ion .  

the l o c a l  variations f o r  max’ 2 
... are determined; t he  maximum value of 

2’ 
The var ia t ion  determines the  e r r o r  incurred i n  repro- 

ducing t h e  values of input  s ignals  (with an input  s igna l  x = const)  with re -  

peated s igna ls  supplied t o  the element during a shor t  period of t i m e  while t he  

aging processes s t i l l  have no e f f e c t .  

2.2. The complementary instrumental e r r o r s  due t o  the va r i a t ion  of 

e x t e r n a l  f ac to r s  (complementary error) .  



The absolute value of t h i s  e r r o r  i s  equal t o  

=JO.d@'t& 'A2 +. . . + 5, A &  =E s; . ~3' .  , 
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( subscr ip t  e f  = ex te rna l  f ac to r s )  

while the  r e l a t i v e  e r r o r  i s  equal i u  def - uYeflJmax. 
A - -  f-. 

2.3. ?"ne spread ( s c a t t e r ,  d ispers ion) .  Instrumental  e r r o r s  do not remain 

constant f o r  d i f f e r e n t  samples of the  element, since the  values Sx, se, ... s, 
cannot be s t r i c t l y  constant .  

2.4. F ide l i t y .  Instrumental  e r ro r s  change with time since Sx, So,  ... S, 
vary with the operation t i m e  of the element. 

11. LyAumiL E r r o r s  

Dynamic e r r o r s  which occur during the  t r a n s i e n t  process a re  determined 

a s  

where y i s  the  required value of the output quant i ty  a t  t he  i n s t a n t  of t i m e t ,  b. 

y ( t )  i s  the  t r u e  value of the output quant i ty  at t h e  t i m e  i n s t a n t .  

For a l i n e a r  element we have 

O r ,  conversely, by assuming t h a t  y ( t )  = N p ) - A y ( t )  w e  obtain 



or 

The maximum value of the dynamic e r r o r  during t h e  f i r s t  extreme value 

( i . e . ,  i f  w e  do not take i n t o  account t h e  i n i t i a l  i n s t a n t  of t i m e  when it i s  

equal t o  -y ) which i s  equal t o  Ay(t)max i s  ca l l ed  the  overshoot. K 
During the  s inusoidal  var ia t ion  o f  t h e  input s igna l  with frequency - 122 

Wi we have 

The maximum e r r o r  i s  determined a s  

and i n  t h i s  case the  phase s h i f t  i s  equal t o  

Sect ion 4. Information Character is t ics  

The elements of automatic devices are used t o  obta in  transformations, 

t o  s to re ,  shape and u t i l i z e  information. merefore  it i s  necessary t o  evaluate  

an element  from t he  poin t  of view of i t s  information cha rac t e r i s t i c s ;  f o r  t h i s  

purpose we can use a quant i ty  which character izes  t h e  information flow 

where n f  i s  the  width of t he  passband; 

X x are the  upper and lower l i m i t s  of the input  parameter; max' min 

A% i s  the t o t a l  s t a t i c  error. 



We can introduce c e r t a i n  cumulative cha rac t e r i s t i c s  of sensors proceeding 

from the following considerations.  We can take a point  on the  amplitude- 

frequency cha rac t e r i s t i c  W (.) = Jr ( W )  which corresponds t o  a decrease i n  W (.) 

t o  some assigned value, f o r  example, W ( W ) / W  ( 0 )  = 0.9 or 0.7 o r  0.5, e tc . ,  

w u l c u  uab 5 Lul,.G,,puLiiLLL6 s = c 

2r(. 

--1. 2 -7 .  1. - - - ---- ..- I_^u .: n- ana nl: iy,,m~ir f r e n 1 1 P n r i r  u.~ = w.. nr f = wn/ LI - n 1--- -- -u x xn -&I- 

The product Q = SXn*fn simultaneously def ines  the  s t a t i c  as well a s  the  

dynamic s e n s i t i v i t y .  If i n  place o f t h e  value S, we take Sxo, then Qs = S,c'fn* 

If t h e  quant i ty  F i s  mult ipl ied by the t i m e  corresponding t o  t h e  operating time 

of t he  element Tc, we obtain a new measure 

which character izes  the  quant i ty  (volume) of  information received by t h e  

sensor during i t s  e n t i r e  operating t i m e .  

/23 

Fina l ly  the quant i ty  equal t o  M = 

parameter which character izes  the basic parameters of' the sensor:  Sx - sen- 

s i t i v i t y  ( s ~  or sX,), 

sax and xmin are  operating l i m i t s ,  

Af  i s  t he  boundary operating frequency band. 

Sect ion 5 .  R e l i a b i l i t y  

One of t he  bas i c  parameters of an element i s  r e l i a b i l i t y ,  i . e . ,  the  prob- 

a b i l i t y  associated with the  proper operation of  the  element. The quant i ta t ive  

value of r e l i a b i l i t y  i s  determined as t h e  probabi l i ty  of achieving an assigned 

func t ion  under assigned conditions;  the  quantity depends on the  design f ac to r s ,  

t i m e  and operating mode of t he  element. 

R e l i a b i l i t y  i s  dis t inguished as per ta in ing  t o  t o t a l  (ca tas t rophic ,  sudden) 

f a i l u r e s  Ra and r e l i a b i l i t y  .with respect t o  incomplete (gradual)  f a i l u r e s  R . 
b 
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1. The value of r e l i a b i l i t y  Ra ( f i g .  2) i s  determined as 

and f o r  

. - . . - __TI \  -n n-21------ n -..- 1 
= const it i s  determined as  Ra = e-ht, where h i s  t h e  i n t e n s i t y  ("dan- 

6Cl j V I  l 5 l l U l C 3  L.yUclA te 

The value of the  i n t e n s i t y  (ttdanger") of f a i l u r e s  may be represented i n  

the  form 

where X, is  the  i n t e n s i t y  of f a i l u r e s  i n  t h e  nominal operating s t a t e ,  while 

K K are correct ion f ac to r s  which take i n t o  account the  va r i a t ion  i n  X when 

there  i s  a change i n  t h e  load (P ) ,  temperature (eo), humidity ( Z k )  and i n  o ther  

f ac to r s  from t h e i r  nominal values.  The values K K . . . are  usual ly  assigned 

graphica l ly .  

2 .  

P' e 

P' e' 

The value of the  r e l i a b i l i t y  Rb f o r  an analog element i s  determined a s  

the  probabi l i ty  t h a t  t he  t r u e  value 

i t s  design value y = S .x (when x = X 

of  the  output s igna l  y correspond t o  

const)  with an assigned accuracy 

/24 - 

A t  the  beginning of t he  operation the  assigned accuracy - 

y,.. 3. 
corresponds t o  Rb = 0.997, when 6 = * 3 cs ( f i g .  12) .  

With t i m e  the  value of ,Sz=Sz.+%~ var ies ,  which causes a displacement i n  

the  value of y = Sx-x by an amount Ay = (S.+-Sx) ax, and the  band 2 6 = 6 0 w i l l  

now be assoc ia ted  with a value R,, < 0.997. 
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I A -  

Figure 11. 

as funct ion of time f o r  t o t a l  element f a i l u r e s .  

Curve showing var ia t ion  i n  r e l i a b i l i t y  

Figure 12. 

analog element f a i l u r e s .  

Variation i n  r e l i a b i l i t y  f o r  incomplete 

3. The r e su l t an t  r e l i a b i l i t y  of t h e  analog element, which i s  determined 

as t h e  p robab i l i t y  of proper operation with an assigned accuracy, involves the  

coincidence of two events--the proper operation o f  the element i n  general  (R- )  

and i t s  operation with required accuracy (Rb), i . e . ,  

u, 

The r e l i a b i l i t y  parameter i s  c losely associated with two o ther  parameters, 

t h e  t echn ica l  resource and operating l i f e .  

Technical Resource. T i s  the sum of t i m e  i n t e rva l s  associated with T 
failure-free operation of the  system o r  of the device during i t s  period of 

exp lo i t a t ion ,  u n t i l  breakdown or  some o ther  l imi t ing  condition occurs.  

24 



Remarks: It i s  possible  t o  d is t inguish  between the  " t o t a l  t echnica l  r e -  

source" which i s  measured from the  beginning of the  explo i ta -  

t ion ,  a "residualAresource~'  

i n s t an t  of explo i ta t ion  and an "average technical  resource" which 

apcAmce$ 
which i s  measured from a s p e c i f i c  

system o r  device.  

The "guaranteed resource" i s  the technica l  resource which 

i s  exhibi ted by not l e s s  than y percent of  the exploited systems 

or devices where y i s  a guaranteed probabi l i ty .  

Useful Li fe .  T i s  t h e  calendar longevi ty  of system o r  device exp lo i t a t ion  
C 

u n t i l  it breaks down or a t t a i n s  some other  l imi t ing  state. 

Remarks: It i s  possible  t o  d is t inguish  between the  "average l i f e "  as  

t he  average calendar longevity of system or device explo i ta t ion  

u n t i l  Sreakdovn or some o ther  l imi t ing  s ta , te  and "a guaranteed 

l i f e "  as  the  calendar longevity of system or device explo i ta t ion ,  

during which the  manufacturing p lan t  i s  responsible for any 

malfunctions occurring during explo i ta t ion ,  notwithstanding 

For elements which can be put back i n t o  operation by ap- 

propr ia te  r epa i r s  a technical  preparedness fac tor  K i s  i n t r o -  

duced, equal t o  

T 

where t i s  the  r epa i r  t i m e .  

The quant i ty  character iz ing the probabi l i ty  of sound operation i s  then 
P 

determined as 
P = R . k r .  



PART 11. BASIC CHARACmISTICS AND PARAMETERS OF SWITCHING ELEMENTS 

Section -1. S t a t i c  Parameters and Charac te r i s t ics  

The s t a t i c  cha rac t e r i s t i c s  o f  switching elements ( f i g .  13)  include Lg 
t he  following : 

1. The operate parameters. X - t he  average value of the  input  s igna l  
a 

( X )  f o r  which t h e  element goes from the inoperative t o  the  operative s t a t e .  

The reset parameter % - the average value of the  input s igna l  ( X )  2 .  

f o r  which the  element re turns  t o  i t s  i n i t i a l  s t a t e .  

3 .  

4. 

The r a t i o  xb/xa = K 

The operating parameter X 

a s  t h e  nominal (operat ing)  s ignal .  

i s  ca l led  t h e  r e s e t  f a c t o r .  
b 

- t he  value of the  input  s igna l  ( X )  se lec ted  
P 

5 .  The f ac to r  of s a fe ty  during operation i s  equal t o  t h e  r a t i o  X /Xa = K 
P P’ 

while t he  f a c t o r  of s a fe ty  during release i s  equal t o  t h e  r a t i o  \/Xo = K’. 

Here X, i s  the  res idua l  value of t h e  input s igna l .  
P 

6 .  

7 .  

Control f ac to r  - Kc = ymny/X,. .I--_ 

The m u l t i p l i c i t y  f ac to r  i s  determined as Kk = ymax/ymin where y max 

xb corresponds t o  X 2 X 

(usua l ly  when X = Xo) . 
The switching elements can be ad jus tab le  or nonadjustable. 

(usua l ly  when X = $) while yrnin corresponds t o  X 5 a 

8 .  I n  the  

5’ Kk can vary’ 
l a t t e r  case the  values Xa, 

9. For noncontact elements the  t r a n s f e r  cha rac t e r i s t i c s  (o f  s igna l s )  /28 

a re  used ( “input-output“ cha rac t e r i s t i c s ;  f i g .  lb. and b) 
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Figure 1 3  

Poin ts  a and c correspond t o  the nonoperative ( ' lzero")  and operative 

( ' ' un i ty ' ' )  s t a t e  of the  element. I n  case of a "repeater" element, the 

state corresponds to (  y/ymax) M 0, while t h e  s t a t e  "unity" corresponds t o  the  

,we have a corresponding value 
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( a )  Repeater (b )  Inver te r  

1 
(+ ) -  
*-# I 

4 

Figure 1 4  

An important parameter i s  the  value (X/X ) max Kp which i s  the c r i t i c a l  value 

of the  r e l a t i v e  magnitude o f  t h e  input s igna l .  It i s  important t o  know the  

va r i a t ion  i n  (X/Xmax) 

perature ,  operating t i m e ,  e t c .  

as  a function of various f ac to r s ,  such as voltage, tem- 
KP 

I n  addi t ion t o  t h i s  it i s  important t o  know the  spread i n  the  values 

(X/XmaX'Kp ,  ( f o r  "normal" values:  V, eo, . . .) for various samples 6f t h e  

elements.  

t h e  normal d i s t r i b u t i o n  law. Therefore, it i s  important t o  know t he  average 

- /29 

Usually t h e  spread i n  the  values (X/Xmax)K i s  made t o  conform t o  
PO 

value of (X/X, ) and the  root-mean-square deviat ion c. 
ax KPo 

10. The boundary cha rac t e r i s t i c s  a re  the  cha rac t e r i s t i c s  which determine 

t h e  l i m i t s  o f  permissible values for individual  parameters of ex terna l  react ions 

f o r  which the  operation of the element i s  poss ib le .  

To determine the  boundary charac te r i s t ics ,  a l l  parameters 

The element ac t ions  U ,  are prese t  t o  a f ixed ( i n i t i a l )  s t a t e .  
1 

28 

of ex terna l  re- 

i s  connected t o  



Conditions f o r  determination 
of boundary cha rac t e r i s t i c s  

0 

t h e  c i r c u i t  which contains an assigned load a t  the output ( the  assigned number 

of o the r  elements i s  n = 1, 2 . . .) . The input of the  element i s  fed with an 

assigned quant i ty  f o r  an assigned period of time ( "normal" or "minimum"). 

By assigning a series of values U1 f o r  one of  the U - parameters ( f o r  

example, Ul = eo) ,  the  value of another parameter U2 (for example, U2 = V) 

i s  e s t ab l i shed ,  for which the  element ceases t o  funct ion properly (under assigned 

/30 

input  and output condi t ions) .  The values which are obtained are p l o t t e d  on a 

graph of U 

urements of the  t h i r d  parameter U 

= f (U,) and a curve i s  drawn through these poin ts .  Several  meas- 
2 

are taken and U1 and U2 a re  determined for  
3 

which the  elements  cease t o  work. This i s  repeated f o r  several  values of parameter 

U4 and for severa l  values of parameter U e t c .  
5' 

The curves which j o i n  the obtained values of parameters U and U with f ixed 1 2 

var i a t ions  of parameters U 

15) .  

U4, U3 . . ., are  the boundary c h a r a c t e r i s t i c s  ( f i g .  
3' 

The region ly ing  ins ide  the  boundary cha rac t e r i s t i c s  determines t h e  per-  

miss ib le  va r i a t ions  of the parameters. 

3 



Section 2. Dynamic Charac te r i s t ics  

The dynamic parameters and the  cha rac t e r i s t i c s  of switching elements i n -  

clude the  following : 

1. (a)  The operate t i m e  ta - t h e  i n t e r v a l  of t i m e  from the appl icat ion of 

the t~p1j.t. s i g n a l  t o  t he  ApFearance of t h e  output s igna l ;  

( b )  The r e s e t  t i m e  tb - t he  in te rva l  of t i m e  from the determination of 

t he  input  s igna l  t o  the  cessat ion of the output s igna l .  

The operate time ( t  ) i s  a function t = fl (Kp)  of t he  sa fe ty  f ac to r  K ; 
a P a 

the  r e s e t  t i m e ( t  ) i s  a function t b  = f2  (%) of the  sa fe ty  f ac to r  K . 
b P 

The funct ions ta = fl (Kp) and tb = f2 ( K  ) ( f i g .  16) depend on the  time 
P 

constants  T~ and Tb which a re  determined by the  design and parameters of the  

c i r c u i t  f o r  t he  input s igna l .  

A X  - var i a t ion  z- -e-' = 0.63 .  

The time constants Ta and Tb correspond t o  the  

2. The elements can have adjustable or nonadjustable t i m e  c h a r a c t e r i s t i c s .  

In  the  former case t h e  following cha rac t e r i s t i c s  a re  assigned : f,,=dz (Kp,Z) and 

- d / = f z , ( ~ p , t ) ,  , where Z i s  t h e  value of the  adjustment parameter. 

time 

by : 

3. The c h a r a c t e r i s t i c  showing the va r i a t ion  i n  the  r a t i o  of operate & 
t o  reset time a s  a funct ion of the input quant i ty  ( inpu t  s igna l )  a r e  given 

t /t = f (x). 
1 2  

The switching of the  noncompact elements from t h e  "zero" s t a t e  t o  the  

' 'unity" s t a t e  and from the  "unity" s t a t e  t o  the "zero" s t a t e  takes  place during 

a per iod  T, which for many types of noncontact elements (magnetic, d i e l e c t r i c )  

may be considered as  equal t o  



0 

Figure 16 

where S i s  a constant which depends on t h e  mater ia l  and design of the elements; 
W 

Xg i s  the l i m i t i n g  

Section 4*. R e l i a b i l i t y  

1. Since the  ind iv  

the  spread i n  the  values 

form shown i n  f igure  17. 

value of the input  quant i ty .  

dual e r r o r s  have a constant anL a random component, 

of operate parameters and reset parameters have a 

Usually the operate probabi l i ty  and the  r e s e t  prob- 

a b i l i t y  follow the normal l a w .  Therefore, i f  the  operating values of the input 

parameter X a re  assigned as well as t h e  zero value Xo, the operate probabi l i ty  

(i .e. ,  r e l i a b i l i t y  ) R t b  and the  rese t  p robabi l i ty  R t f b  are determined ( f i g .  17) 
P 

as 

while 

["Section 3 not given i n  t h e  or ig ina l  text . ]  

3 
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2.  After a period o f  t i m e ,  and also due t o  ex terna l  f ac to r s  such as tern- 

perature ,  rad ia t ion ,  humidity, accelerat ion and others,  t he re  i s  a change i n  

the values 

and 

This produces a change i n  the  operate and r e s e t  p robabi l i ty  of the  element. 

The p robab i l i t y  t h a t  t h e  element w i l l  operate and become r e s e t  f o r  given values 

X and X, i s  equal t o  
P 

3. I n  addi t ion t o  f a i l u r e s  i n  operation due t o  the spread i n  the  operate 

and reset parameters of the  element, and due t o  t h e i r  var ia t ion  with t i m e  and 

under t h e  ac t ion  of ex terna l  f a c t o r s  (temperature, radiat ion,  humidity, e t c .  ), 

it i s  a l s o  necessary t o  take i n t o  account sudden f a i l u r e s ,  which a re  determined 

by the  r e l a t ionsh ipR,=e  -At  , where h i s  the  r a t e  ("danger") of f a i l u r e s .  

The value of X depends on the  operating mode of t he  element and on the  

ac t ion  of ex te rna l  f ac to r s  (temperature, rad ia t ion ,  humidity, e t c  . ) i .e . ,  

h = h .K .K . . ., where 
o p e  

while X, i s  the r a t e  ("danger") of f a i l u r e s  under nominal values of t h e  load, 

temperature, humidity, e t c .  



Figure 17. Variation i n  r e l i a b i l i t y  f o r  incomplete 

f a i l u r e s  of switching elements. 

4. The r e su l t an t  r e l i a b i l i t y  of  a switching element i s  equal t o  
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APPENDIX 1. PERFORMANCE CHARACTERISTICS 

O f  t he  bas ic  c r i t e r i a  which are used t o  s e l e c t  & v i c e s  a d  eqiiipici~Ls fsr 

automatic control ,  protect ion,  regulat ion and control,  the  following performance 

f ac to r s  a re  f requent ly  considered. h.3 

1. The cos t  of t h e  element (device, equipment) 

where Cx i s  the  cos t  taking i n t o  account ' the shipping costs ,  i n s t a l l a t i o n  cos ts  

and ad ju s  tment cos ts  ; 

n i s  the  number of i d e n t i c a l  elements i n  a funct ional  system; 

T i s  the  usefu l  l i f e  of t he  i n d u s t r i a l  setup; 

T i s  the  usefu l  l i f e  of the  element. 

C 

X 

By using t h i s  expression it i s  possible,  when evaluating t h e  costs  of 

comparable elements, t o  introduce a correct ion f o r  the  usefu l  l i f e  of an ele- 

ment (device,  automatic equipment). I n  t h i s  connection it i s  iupurtaii t  t o  takc 

i n t o  account the  usefu l  l i f e  not i n  the absolute expression, but i n  r e l a t i o n  t o  

the  use fu l  l i f e  of t he  bas ic  i ndus t r i a l  setup. 

The cos t  of a l l  elements of a funct ional  system during the  usefu l  l i f e  of 

t he  i n s t a l l a t i o n  i s  given by expression 

where m i s  t h e  number of element groups which compose the func t iona l  system. 
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2 .  The cos t  of addi t iona l  energy and addi t iona l  mater ia l  required f o r  

the  operation of the  elements i s  given by 

where C i s  the cos t  of energy and auxi l ia ry  mater ia l s  f o r  one hour of  e l e -  

ment operat ion.  
Y X  

154 3. The operating cos t s  a r e  given by 

where N i s  the  t o t a l  number of elements; 

N, i s  t h e  number of elements per ind iv idua l  of t he  service s t a f f ;  

C i s  the  average cos t  per  man-hour. 

4. 
z 

The possible  cos t  due t o  losses  i n  the technological process caused 

by the  breakdown of individual  elements i s  given by expression 

The t o t a l  cos t  i s  given by the  expression 
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TAE3LE 1. PART 1. BASIC CHARACTERISTICS AND 

PARAMETERS OF ANALOG CONVERTER ELEMENTS. 

xepanrepncTrwa ;nGaarcaaR ... :... . cont ro l  cha rac t e r i s t i c s  I 
mxmn n?e;em BxoJnoro oapawrpa Jlower 1 T m ; t ,  input param. 
B E ~ X B U P  npepea B x w o r o  napauerpa upper l i m i t ,  input param. 1 
H:XX:I~ npczca 3YXOZ13i'O n3pauez:a lower l i m i t ,  output param. I 
sepxliw? npczer B ~ C ( O ~ O N )  n l p a u e i p  upper l i m i t ,  output param. ~ 

HimEii npezca T.OJDCTJIYOI! uoznocrn lower l i m i t ,  input power ~ 

BeFRiiI?. npe2e.l no3ao;lnuok UO~HOCTII  upper l i m i t ,  input power 
HRUIHR npejies ynpamcuo:. uowum lower l i m i t ,  con t ro l  power 
BCFXRII;: nyeien rapminewt ~ O ~ i O c P ~  upper l i m i t ,  con t ro l  power 
cpaaemo zcrrjc-ruan 6CZUYWEJ ma-  s a f e t y  l i m i t ,  input  
Aoro napwerpa .................... 

, param. 

. '"coqornaneme~ ................. . J res i s tance  
"ycmoBHan nposowuoczarn ........... ( s p e c i f i c  admittance I 
axofiuoe col;ponanesac ............... i npu t  impedance 
BWOZFOC CocpoTHsneAae ............. output impedance 
napuxvauve -ggeznxre.mocrc ...... p a r t i a l  s e n s i t i v i t y  

i 

"' I 
I 1  



I 

3 

....................... o01,ou 

BCC ......................... 
!THO(', TP.ibllOe mavclixe obbeua- 

ynenblldr~ OihSU" .............. 
OTIiOC.iTe:lbllOe 311a.r(ellxe BeCB - 
"yiiciibiiwi Bec". ............... 

- 
4 

volume 
weight 
spec i f i c  volume 

C I  

spec i f i c  weight ! I  
! 

iepexomns ip:;iiKuw 1 t r a n s i e n t  funct ion 

~ ~ ~ ~ ~ ~ ' i ~ ~ e ~ ~ ~ ~ K ~ ~ ~ ~ ~ ~ ~ ~ ~ f l .  

hWlnUTyAHO+~~?OBafl XapaKTe- 
pHCTnKa ...................... 

BY~~HTYAIlO-V8CTOT11afl XapeK- 
TepiicrnKa.. .................... 

b30-qacToTHa~ ~ a P ~ T e P n c T ~ * .  * 

norapn4unuecra~ aunnnrymo- 
YaCTOTHaR xapawrepncmxa. ..... 
WHrerpmHoh ~ ~ ~ I ~ O C T ~  - - 
wBcrnnrenbHocm axeuema c 
UAPQepet~~~a~~btl~tl Z I ~ B I I C ~ O C T ~  

'4yBCTBRTeJIbHOCT5 aneYeHTa C 

ypHetIH0 aeYBHTa C PI-SBetIb- 
PYy ........................ 

time charact.  with delay t i m e  

amplitude-phase charact .  

amplitude -frequency charact.  

phase -frequency charact.  

log. amplitude-frequency charact.  

s ens it i v i  t y  of in tegra t ing  e leme nt 
Sens i t i v i ty  of d i f f e r e n t i a t i n g  

element 

equation of element 
with P I  sect ions 
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Table 1, P a r t  1 (Continued) 

I 

2 

3 

4 

5 

6 

7 

8 

A%.- 

=$ 

I A% *%-% ' i  

3. Error 
ueromecmn norpenaocra. ... methodical e r r o r  

-- 

f 
ROrpc3EIifXTb o r  H W I ~ e ~ H O O ? U  . e r r o r  due t o  nonl inear i ty  1 
morpwmcza o t  morepeama n e r r o r  due t o  hys te res i s  ' 

and b a c k l a s  h cyxoro rperrr 

m o c m e m a n  norpemaocm or r e l a t i v e  e r r o r  due t o  

, 

............... 

................. rncrepeawa hys teres i s  ~ 

...................... d r i f t  lpew 

~ ~ C O ~ O T I I E M  A O f l O J I H l P W H 8 R  ab solute  complementary 
morpJueHraruHm norpemHocm instrument e r r o r  
DTHOCKT~IIbHaR aonoaiimenman r e l a t i v e  complementary I k H C r ~ ~ H T ~ I i a A  IIOl'pemHOC?b instmment e r r o r  

4. Information charac te r i s t ics  



. 

Table 1, Part 1 (Continued) 

1 ;  2 I - 3 I .  4 

s 

r, 'f 

5 .  Reliability 

H 8 A m 3 C T b  .................. 
IHTCHCnLlHOCTb OTKa306 ....... 

RCmRWIHT YCflMb30hJ9Wl . . 
cpemec spern ao ncpnoro OT- 
:m3a ........................ 
cpeluiee sprn pavo~?o ....... 

reliability, total failure 

reliability, partial failure 
reliability 

failure rate 

failure rate, nominal operatior 

resultant reliability 
technical resource 

useful life 

technical readiness factor 

utilization factor 

av. time to first failure 

av. repair time 
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t v  
4 

TABLE 1. PART 2. BASIC CHARACTERISTICS AND 

PARAMETERS FOR SWITCHING ELEMENTS. 

npeun cpa6aTmaHin ....... ope r a t e  t i m e  
spevn aoaspara ( O T ~ C W R F I )  r e s e t  time 

I 

2 

I 
R e l i a b i l i t y  

H B I I ~ ~ H O C ~  cpe6aruslucnf1 ..... 
U a e X H O C T 5  OTnyCHaHHfl . . . 

&w opaclaruaaaR!l .... 
nnparorpl .ompara ........ 
xoa$@iqaenr ~oaspara ...... 

operate r e l i a b i l i t y  I 
1 

r e s e t  r e l i a b i l i t y  1 
I 

pa60W napauerp .......... 
xoarMuweHr aanacs npn cpaaC 
TbLBaHYH. ................... 
I C O ~ ~ ~ W U M C H T  aannca cpi or- 
llYCKCOlIli ................. 

operate parameters 
r e s e t  parameters 

r e s e t  f a c t o r  

operating parameter 

operate s a f e t y  f a c t o r  

r e s e t  sa fe ty  f a c t o r  

control f a c t o r  

/39 

control m u l t i p l i c i t y  f a c t o r  

, 
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- 
I - 
3 

4 

I 

2 

3 

4 

5 

_- 
2 

- A t  
Q, - E 

cx 

n 

7 

No 

- 
3 

t a A e n u l 0 C T I  B O T H O U e H H l  O T C Y S C P  
B I R  BYBWLIUIUX OTHaaOB ....... 

Performance data 
CTOHUOOTb C p e T 0 U  T p a H C l l O p T -  
Hba: PaCXOiIOLl II CTOUUOCTb L I O H T W  
H HiiI&91Ca B n C U C H T a  ........... 
‘IWCBO OAllll3i:OBNX 3JlCUCHTOLl B 
$yHlCUtiOHaJlbHO~c C X e U C  ......... 
CPOK C n y R d U  T e m o n o r H q e c K o r o  
0 6 0 p y d O B a H ~ I R  ................. 
CTOHUOCTI mepruu w ~cnouora~e l ;~  
HW. uampuanos H a  qac pado~u 
B J I ~ N ~ H T O B  .................... 

0 6 p l e e  quem 3ne)Le~roi). ......... 
VHCnO 3 J l C U e H T O B ,  f l p U X 0 A R W X C f l  
Ha omoro w n o E e K a  m3 o6cnyrw- 
BmpIero n e p c o H a n a  .............. 
cmnnocn wnonexo-qaca ...... 
ampain Ha a x c n n y a T a u n o n n o e  
0~~4’nssilrce ................ 

clyyapune aarparn ........... 

Table 1, Par t  2 (Continued) 

4 I 
operating r e l i a b i l i t y  (operate 

r e l i a b i l i t y  and sudden 
and r e s e t  r e l i a b i l i t y  ) 

f a i l u r e s  

cost ,  ( t ransportat ion,  I 
i n s t a l l a t i o n  and adjustment) 

No. of i d e n t i c a l  elements i n  

l i f e  of technological i n s t a l l a t i o n ;  
energy cost  and cos t  of aux i l i a ry  

mater ia ls  per  hour of operation 

cost  of addi t ional  energy and 
addi t ional  mater ia ls  

funct ional  system I 

t o t a l  RO. of elements 

No. of elements per  

cost  per man-hour 
serviceman 

cost  of operating expense 

possible  cost  due t o  losses  i n  
technological process 

t o t a l  costs  
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